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The COVID-19 pandemic could pose many issues expanding beyond the direct effects of 
those infected with the disease. One adverse effect of the pandemic could be on mental health. 
While there have been many studies attempting to identify possible effects on mental health, there 
is no current research identifying its presence. Physical activity is one potential variable that could 
influence mental health, as available research shows a strong relationship. NCAA collegiate 
baseball athletes are a population where these effects should be investigated, especially as the 
prevalence of mental health conditions continue to rise. The purpose of this study was to 
investigate the relationship of the COVID-19 pandemic, level of physical activity, and the mental 
health of NCAA collegiate baseball players. A cross-sectional, survey-based design was created 
to achieve this purpose. Current mental health was evaluated in a questionnaire and change in 
physical activity across three time periods (current [March 2021 – April 2021], September 2020 – 
December 2020, April 2020 – August 2020) were compared to a reference period of September 
2019 – December 2019. A total of 19 subjects participated in this study with 16 complete 
responses, resulting in an average age of 20.58 ± 1.66 yrs. Subjects reported symptoms of mental 
health conditions/topics, with an increase in those currently experiencing anxiety (50%), 
depression (33%), sleep issues (61%), and energy level concerns (61%) compared to available 
research. Subjects level of physical activity remained mostly the same across all three time periods. 
Proportion of subjects reporting a mental health condition/topic did not show a statistically 
significant relationship with the proportion of subject participation in various levels of physical 
activity. Future research should continue investigating the relationship of mental health and 
 v 
physical activity in relation to the pandemic and the importance of establishing a baseline mental 
health survey.  
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1.0 Introduction  
The COVID-19 pandemic is an unprecedented issue that has had far-ranging effects. 
Originating in Wuhan, China, the virus has spread worldwide,[1] infecting a total of over 171 
million people.[2] As of June 2021, the virus has claimed over 3.69 million lives, with over 595,000 
deaths occurring in the US alone.[2] Steps recommended by the Center for Disease Control (CDC) 
to prevent the spread of the virus have included wearing masks/face-shields, frequent testing, hand 
washing, and maintaining 6 feet of distance from other people. Further, from the months of March 
through July 2020, various cities and states across the US enforced different regulations, with some 
including a lockdown. The lockdown implemented travel restrictions both into and out of a state 
and rigorous stay-at-home orders in an effort to stop transmission of the disease.[3] As a result, 
businesses, schools, universities, gyms, and sporting events were all shutdown. While these steps 
are being taken with the public’s best interests in mind, there is one unfortunate consequence 
exacerbating an already prevalent issue: mental health conditions.  
Although extremely prevalent, with almost half of all Americans being likely to develop a 
mental health disorder in their life,[4] there is a stigma surrounding the topic of mental health. This 
is especially true in younger adults, where an estimated one in three college freshman report a 
problem with their mental health.[5] A further subset of the population where mental health is a 
topic of importance are college athletes. In addition to classes, projects, exams, and adjusting to 
life on campus, college athletes must manage early-morning weight-training sessions, practices, 
games, and travel. The prevalence of mental health conditions in college athletes is 14%, with 
14.2% of males and 13.6% of females showing symptoms.[6] Although 14% is a clinically 
significant percentage, there is not much research on the topic when compared to other, less 
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frequent conditions. For example, from 2004-2013, across 15 sports, the NCAA reported a 
prevalence of ACL pathology no higher than 5.75%,[7] yet there is a plethora of information on the 
topic for this population when compared to mental health conditions. Mental health conditions 
showing such a high prevalence deserve as much attention, if not more, as musculoskeletal injuries, 
especially when taking into consideration the COVID-19 pandemic. College athletes are an 
important population to monitor mental health, especially in a sport such as baseball.  
College baseball is a sport that was heavily affected by the COVID-19 pandemic. The 
season had just begun when the pandemic began in March 2020. As a result, a complete cessation 
of all games, events, and practices occurred. The restrictions also affected the ability of these 
athletes to train, with the NCAA citing local regulations as the biggest barrier to athletic training 
for its athletes.[8] The lack of sport participation and isolation could possibly lead to a loss of 
athletic identity for these athletes. Defined as the degree to which a person identifies with the 
athletic role,[9] a weaker sense of athletic identity has been shown to cause more depressive 
symptoms in collegiate athletes as a result of the COVID-19 pandemic.[10] As a result, the college 
baseball athlete is a further subset where the relationship between the COVID-19 pandemic and 
mental health should be explored.  
1.1 COVID-19 
COVID-19, caused by coronavirus 2 (SARS-CoV)-2, is a disease that affects the 
respiratory system, with severity of symptoms ranging from mild to potentially fatal The main 
symptoms include fever, cough, sore throat, fatigue, and headache.[11] The incubation period lasts 
anywhere from 2-14 days, with transmission mostly coming from respiratory droplets. Due to the 
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length of the incubation period and the possibility of being asymptomatic while positively 
diagnosed, the disease has a high transmission rate and has led to a worldwide-pandemic since 
early 2020.[12] Available testing for the disease includes viral testing to determine the current 
presence of infection and antibody testing to determine previous infection of the virus.[13]  Testing 
includes swabbing of the nasal mid-turbinate or specimens collected from the 
nasopharynx/oropharynx, which are evaluated in a laboratory.[13] An additional, less invasive test 
for COVID-19 is saliva testing. Involving only producing saliva by the patient into a test tube, this 
option is much easier, stable method of testing.[14] Saliva testing additionally is much safer for 
clinicians to test than swab testing, as the virus is killed but the RNA of the disease is preserved, 
eliminating the infectious particles.[14]  
While the presentation of symptoms could help in identifying the presence of the virus, it 
is also possible to test positive while being asymptomatic.[15, 16] As a result, it is possible to have 
previously had the virus unknowingly. To combat this unknown factor, antibody testing can be 
conducted. Blood tests can detect the presence of antibodies or immunoglobins produced as the 
immune system responds to an infection. Antibody tests can be used to determine both past and 
active infection.[17] While the presence of antibodies could sound as if a person is immune to 
COVID-19 after full recovery, that is not the case, as reinfection is possible.[18-20] Further, antibody 
testing is time sensitive. Antibody tests are ineffective after the first week of symptoms being 
shown and show a higher sensitivity after 2 weeks of symptom onset.[21] A study by Deeks et al. 
showed the sensitivity of antibody testing was 30.1% after 1-7 days of symptom onset, 72.2% after 
8-14 days, and 91.4% from 15 to 21 days.[22]  
Steps taken to prevent spread of the virus have included hand washing, wearing 
masks/face-shields and socially distancing 6 feet apart. Possible transmission routes of COVID-
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19 are contact and droplet transmissions, resulting from contact with surfaces infected with the 
disease.[23] To combat this route, it is recommended for a person to wash their hands with soap and 
water for at least  20 seconds in duration or use a hand sanitizer that is at least 60% alcohol.[24] 
Further, it is possible for droplets to be spread via airborne transmission.[23]  To reduce transmission 
via this route, it is recommended to wear a mask or face-shield, as these methods can reduce 
transmission via talking, breathing, coughing, and sneezing.[23] An additional method of avoiding 
transmission via air droplets is social distancing, defined as avoiding large crowds, crowded 
spaces, and the separation of a minimum of 6 feet between people.[24] On top of these methods, 
larger scale steps have been taken, affecting the general public.  
1.1.1 COVID-19 and The General Public  
From the months of March through June 2020, the United States implemented various state 
restrictions, as efforts to reduce the spread of the transmission included a mandatory quarantine. 
The Center for Disease Control (CDC) defines quarantine as separating and restricting the 
movement of those who were exposed to the disease to see if they become sick.[25] While it was 
recommended that the entire United States enter mandatory quarantine, states had different 
regulations. There were various stay-at-home orders statewide implemented as well. Different than 
quarantine, which applies only to those who may have been exposed to the virus, the National 
Conference of State Legislature (NCSL) defined the stay-at-home order as a broad application to 
the general public. The stay-at-home order instructed the population to remain in their places of 
residency and to only leave out of necessity. State legislatures enforced the lockdown differently 
in each state, with states showing a greater number of cases such as New York and California 
implementing stricter regulations. During lockdown, the population remained indoors, as 
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businesses, schools, and universities were all closed. The CDC estimated that without taking these 
steps, over 60% of the US population could have contracted the virus.[26]  
1.1.1.1 Mental Health Effects 
As a result of quarantine, many people were socially isolated. While social distancing and 
quarantining have been effective in slowing the spread of the virus,[3] there are also negative 
consequences of isolation. Many researchers have hypothesized that there would be adverse mental 
health effects due to quarantine.[27] This theory was validated in a study based in China, which 
showed the prevalence of mental health conditions such as depression and anxiety were 
significantly higher in those who quarantined as compared to those that did not.[28] Due to 
quarantine and the social isolation resulting from it, many people experienced poorer mental 
health.[29] One possible explanation for the poorer mental health is the lack of social interaction. 
Social interaction has been shown to have significantly positive effects on mental health.[30] Due 
to quarantine, many staples of social interaction such as bars, restaurants, and indoor gatherings 
were shutdown, resulting in a decrease of in-person social interactions.  
In addition, those who have been infected by the virus can suffer from mental health effects. 
A systematic review by Vindegaard et al. showed that those who have contracted COVID-19 had 
had significantly increased symptoms of post-traumatic stress disorder and depression.[31] In a 
study by Bo et al. 714 patients who were diagnosed with COVID-19 were analyzed for symptoms 
of PTSD. The results showed that 96.2% of patients showed symptoms of PTSD, with demeaning 
news coverage of the disease (reporting of high number of cases and death rates, negativity of 
situation surrounding the virus)  and social discrimination cited as reasons for the increase in 
symptoms.[32] Further, a study by Zhang, J. et al. (2020) analyzed the psychological distress of 
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those who were infected with COVID-19. The results showed a significant increase in depressive 
symptoms in 29.2% of patients who had previously tested positive.[33]  
Lastly, in terms of the general public, there has been an overall decrease in quality of mental 
health during the pandemic. A study by Sonderskov et al. reports a lower psychological well-being 
of the general public, with nearly half of Americans stating anxiety of contracting COVID-19, and 
over a third of Americans citing the disease as having a significant impact on their mental health.[34] 
One possible attribution to an increased likelihood of anxiety and depression due to COVID-19 
was a higher level of education.[35] There has already been an increase in mental health problems 
reported in higher education students worldwide.[36] The link of mental health and a higher level 
of education is further shown in the college student, as even prior to the COVID-19 pandemic one 
in five college students experienced one or more mental health disorder.[37] As a result, it is 
important to monitor the mental health of those in college, especially the college athlete.  
 
1.1.2 COVID-19 and Collegiate Athletes   
In addition to the general population, the mental and physical health of college students in 
relationship with COVID-19 must be taken into consideration. Due to the pandemic, NCAA 
President Mark Emmert canceled the remainder of the college season for all sports on March 12, 
2020.[38] Further, colleges across the country advised students to return and remain home until 
further notice. Classes eventually began to be held virtually, and in some cases, students were not 
allowed to move back on campus for the remainder of the Spring 2020 semester. The abrupt change 
of lifestyle could affect the mental health of those in college, who have already shown a high level 
of mental health conditions, even before the pandemic. A 10-year study from the years 2007-2017 
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by Lipson et al. showed that 36% of US college students live with a mental health disorder, with 
depression being the most common. Further, the prevalence of mental health conditions in college 
students continue to increase.[39-41] In addition to mental health concerns of college students, the 
college athlete should be monitored as well. As a result of the NCAA canceling the remainder of 
the college seasons in March 2020, athletes were less physically active and separated from the 
team. which could pose issues to both mental and physical health.  
1.1.2.1 Physical Effects  
An array of direct and indirect concerns has arisen due to the lack of physical activity from 
the COVID-19 pandemic. Among the indirect concerns are the possibility of injuries due to the 
lack of conditioning during quarantine, the effects of training and competing with facial coverings, 
possible long-lasting effects on the ability/health of athletes who contract the disease, and the 
reopening of college campuses during an ongoing pandemic.[42] The lack of conditioning, in 
particular, could result in detraining effects. Detraining effects are a result of the reversibility 
principle, which describes a reversal of previous physical adaptions due to a significant decrease 
or complete stop in training.[43] Detraining in the short term could lead to decreased eccentric 
strength and Type II muscle fibers of the body,[44] which could be very important to a sport such 
as baseball. During the throwing motion, muscles at the shoulder and elbow eccentrically contract 
throughout the throwing motion,[45] highlighting the importance of eccentric strength. Baseball is 
also a highly anaerobic sport, as many of the actions performed are rapid and short bursting. The 
anaerobic nature of the sport demonstrates the importance of Type II muscle fibers, which are 
extremely vital to anaerobic exercises,[46]  
In terms of training with facial coverings, the research shows that there are no significant 
effects on exercise. A study by Shaw et al. showed that face masks have no effect on strenuous 
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exercise in healthy subjects, though this study only included 14 participants.[47] A study by Epstein 
et al. showed further evidence supporting this claim. The authors showed no significant difference 
in heart rate, time to exhaustion, respiratory rate, blood pressure, and oxygen saturation while 
exercising in N95 respirators and surgical masks when compared to mask-less, though this study 
also included only 16 participants.[48] Though the available research shows no significant effects 
in exercising while wearing a facial covering, sample sizes are small, and athletes still have to 
adjust to a new method of training.  
While the COVID-19 pandemic has indirectly caused the effects mentioned above, it is 
also important to recognize the direct physical effects it may have on those who have contracted 
the virus.  Athletes who have previously tested positive for COVID-19 should be monitored, 
especially for the presence of myocarditis. Myocarditis, an inflammatory pathology of the heart, 
has been found in some patients who have contracted COVID-19.[49] Myocarditis is very important 
to keep track of in college athletes, as it is one of the leading causes of sudden cardiac death in 
sports in athletes under the age of 35.[50] Male dominated sports, such as baseball, present an 
additional concern since males are 3 to 5 times more likely to suffer from sudden cardiac death.[51] 
Further, a study conducted at The Ohio State University found that 15% of competitive athletes 
who were diagnosed with COVID-19 showed CMR findings consistent with myocarditis.[52]  
Another factor that could both directly and indirectly contribute to physical effects of the 
COVID-19 pandemic on college students is the reopening of campuses. Some colleges and 
universities began allowing students to return to campus in August 2020 and proper regulations to 
eliminate the spread of the virus were put in place. Steps being taken were similar to those 
recommended to the general public: wearing a mask, regular hand hygiene, social distancing (6 
feet), and limits on travel.[53] However, because of how novel the virus is, there is much that 
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remains unknown, such as its effect on return to sports. For example, there is one theory called the 
“open window theory,” that suggests that infection rates could be higher after a vigorous training 
session, though this has shown conflicting reports.[54] A previous hypothesis was that vigorous 
training could temporarily suppress the immune system, but that has since been disproven.[54]  
Several guidelines have been established to help athletes safely return to sport. One aspect 
is a pre-participation screening before any event, practice, or competition of all people involved, 
including athletes, coaches, officials, and other relevant personnel.[55] Other recommendations 
include social distancing during all events, not using the locker room, a reduction of spectators, 
regular disinfecting of equipment, and the use of face coverings.[55] These recommendations could 
affect the mental health of athletes when enforced, as it is much different from what they are 
usually accustomed to. These changes will directly affect all aspects of the athletes’ day-to-day 
activities, which could also lead to increased anxiety.  
1.1.2.2 Mental Health Effects  
There are mental health concerns in addition to the physical concerns of the COVID-19 
pandemic. Available research indicates that college students have shown an increase in symptoms 
of depression and anxiety, as well as a decrease in physical activity directly related to COVID-
19.[56] A study conducted by Huckins et al. examined the mental health of 178 college students in 
a longitudinal smartphone study from January-March 2020. The authors determined that anxiety 
and depression were significantly linked to news of COVID-19.[56] Son et al. further investigated 
the relationship between COVID-19 and the mental health of college students, surveying 195 
students via interview. The results indicated that 71% of the students stated an increased anxiety 
directly due to COVID-19. The authors attributed risk of infection of self or loved ones, a lack of 
sleep, and decreased physical interactions as factors contributing to these increased symptoms.[57]  
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Further, a study by Wang et al. examined the effect the COVID-19 pandemic has had on 
US college students via an online survey. The results showed that 48.14% of the students showed 
moderate to severe symptoms of depression and 38.48% showed moderate to severe symptoms of 
anxiety.[58] Even more significant, of the 2,031 participants in the study, 71.26% stated an 
increased level of stress and anxiety since the pandemic began.[58] While no available studies have 
investigated factors of the COVID-19 pandemic that could affect mental health, there is one 
possibility to consider: a decrease in physical activity.   
A consensus statement written by Reardon et al. (2019) has shown that periods of no 
physical activity, isolation from a team, and being distanced from the athletic community can cause 
emotional distress and other mental health issues in athletes.[59] These findings were researched in 
a systematic review of the mental health of elite athletes, identified as athletes at the Olympic or 
collegiate level. The main concerns were anxiety, depression, sleeping disorders, bipolar disorders, 
eating disorders, and behavioral disorders.[59] Multiple authors have hypothesized that there will 
be negative mental health effects in athletes from a lack of activity as well due to COVID-19,[53, 
60-62] but since the virus is still so new, research on this particular topic is lacking.  
A survey conducted by the NCAA identified possible obstacles related to the decreased 
physical activity due to COVID-19 restrictions. A vast majority of athletes noted local regulations 
and closures and a lack of access to facilities, adequate equipment, training partners, and coaches 
as the main roadblocks to training.[8] Further, fear of exposure to COVID-19 and athletes being 
too anxious/depressed, as well as lack of motivation were also listed as barriers.[8] The survey also 
listed adverse mental health effects with anxiety, mental exhaustion, depression, sadness, 
loneliness, sleep difficulties, anger, hopelessness, and being overwhelmed as the main concerns.[8] 
While the physical and mental health effects of the COVID-19 pandemic have begun to be 
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identified in collegiate sports, identifying the effects on specific sports, such as baseball, remains 
an unknown.  
1.1.3 COVID-19 and Collegiate Baseball Players   
While the sport of baseball does not pose as high of a risk for contracting the disease as 
more high-contact sports due to less direct contact,[63] the regulations for returning to play could 
impact the mental and physical health of its players. Baseball is a sport with a strong team 
camaraderie, as practices/games are occurring nearly every day. As a result, players spend a 
frequent amount of time close together, whether in the dugout, the bullpen, locker rooms, or 
busses/airplanes for travel. A study by Zheng et al. (2020) evaluated the transmission of COVID-
19 in airplanes, trains, and buses. The results showed a significant positive association of COVID-
19 transmission in these situations.[64] These higher transmission rates could affect baseball players 
the most of any sport, as they travel more frequently due to their length of schedule and frequency 
of games. The COVID-19 pandemic has had numerous physical and mental effects on college 
baseball players due to these reasons.  
1.1.3.1 Physical Effects  
Sports medicine personnel working with baseball players may have additional concerns 
regarding these athletes contracting the virus or maintaining physical preparedness while in 
quarantine. Prior studies have attempted to identify an optimal living space for a team-sport athlete 
in isolation trying to maintain physical preparedness. Recommendations include athletes utilizing 
equipment to maintain aerobic fitness, such as a stationary bike or rowing ergometer, and free-
weights to maintain strength. Additional recommendations include an emphasis on diet and 
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hydration, with an emphasis on Vitamin D and protein.[65] These recommendations might not be 
practical for collegiate baseball players. As student athletes, they rely on training at university 
facilities and may not have access to proper exercise equipment in their dormitory rooms or off-
campus apartments. Sport specific activities for baseball such as throwing, fielding, and batting 
would also pose a problem in this situation. It is not feasible to expect baseball players to have the 
ability to practice throwing, fielding, and batting in a dormitory room. These issues may jeopardize 
the mental health of these athletes, as a reduction in physical activity has shown a poorer mental 
health in college students.[66] Access to the proper dietary recommendations would also prove to 
be problematic, as college athletes may rely on school cafeterias for meals. If they are forced to 
quarantine, these athletes would not have access to school cafeterias and as a result, would not 
have access to the necessary foods. 
In the year 2019, the NCAA reported racial/ethnic minorities consisted of 20% of all 
baseball teams from Divisions I-III.[67] The percentage of racial and ethnic minorities in baseball 
are important when discussing COVID-19 because certain minorities have a higher risk of 
developing more severe symptoms.[63, 68] Diabetes, cardiovascular disease, and respiratory disease 
were identified as risk factors to developing a critical illness from COVID-19, and these conditions 
have been found in higher numbers in racial and ethnic minorities.[69, 70] Additionally, social 
disparities such as lower income, more dense neighborhoods/houses, and a lack of access to 
adequate testing have been attributed as possible reasons for a higher incidence of the disease in 
racial and ethnic minority groups.[71] The stress of being at a higher risk could affect the mental 
health of these athletes, highlighting the need for more information about this population.  
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1.1.3.2 Mental Health Effects 
Baseball is a sport that requires a great amount of mental fortitude, as even the most 
successful batters get a hit only 3 out of 10 times. There may need to be significant changes to the 
day-to-day structure of baseball, as social distancing in a dugout or bullpen may not be practical. 
As a result, teammate interactions could reduce, which could lead to negative mental 
consequences. A study examining teammate interactions and the mental health of student athletes 
following COVID-19 showed that athletes who received less social support and teammate 
interaction displayed poorer mental health and wellbeing.[10] 
An additional area of concern for collegiate baseball players is the concept of athletic 
identity. As previously described, athletic identity is the degree to which a person identifies with 
the athletic role.[9] Due to the cessation of the college baseball season in March 2020, these athletes 
were unable to train as a team for many months. Some athletes also were unable to train 
individually, with local regulations and a lack of access to facilities and equipment being the main 
roadblocks.[8] As a result, these athletes were unable to do many things contributing to their athletic 
role, which potentially could impact their athletic identity. A change in athletic identity could 
impact their mental health, as a higher sense of athletic identity could lead to a higher risk of 
anxiety after retirement.[72] The higher risk of anxiety due to a high level of athletic identity results 
from having such a strong sense of identity coming from being an athlete that upon retirement, the 
athlete perceives a great loss of who they are. A lower sense of athletic identity would not lead to 
such a loss after retirement, as the athlete never felt a strong sense of their identity resulted from 
being an athlete itself. While the cessation of sporting events and retirement are different concepts, 
there is a strong comparison between the inability to participate in training due to COVID-19 and 
an involuntary sport retirement. Both are out of the athlete’s control and are unforeseen 
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circumstances. Further, it is possible that an involuntary retirement could lead to a higher risk of a 
negative psychological well-being in college athletes.[73, 74] 
While involuntary retirement may not be an ideal comparison, especially to younger 
college baseball players, it could be an apt comparison to those who are seniors or in their last year 
of eligibility. Due to the cessation of the season in March 2020, the NCAA granted all college 
baseball players one extra year of eligibility.[75] However, if the 2021 season is interrupted or 
canceled again, baseball athletes in Division I and II won’t be granted an extra year of eligibility, 
while those in Division III will be.[75] As a result, involuntary retirement may be the most apt 
comparison to the cessation of sporting activities due to COVID-19 for those in their last year of 
eligibility, as only 9.9% of college baseball athletes are drafted to a professional league following 
retirement.[76]  
1.2 Definition of the Problem 
The COVID-19 pandemic could pose many issues to the mental health of those who it 
affects. Multiple studies have identified possible effects on the mental health of the population due 
to the disease, but no current research has identified the presence of these effects. The college 
athlete, specifically baseball, is a further subset where there could be a high prevalence of these 
effects, and further research is warranted to investigate the prevalence of, and related risk factors 
for, COVID-19 related mental health concerns in these athletes.   
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1.3 Purpose of the Study 
The purpose of this study is to determine the relationship between the COVID-19 
pandemic, level of physical activity, and the mental health of NCAA collegiate baseball athletes. 
Additionally, this study will attempt to identify whether decreased physical activity as a result of 
COVID-19 is related to the mental health status of collegiate baseball players. 
1.4 Specific Aims and Hypothesis 
Specific Aim 1: To assess the current mental health of NCAA collegiate baseball players in 
relationship to the COVID-19 pandemic.  
Hypothesis 1: Subjects will report exhibiting symptoms of mental health  
conditions/topics, such as anxiety and depression, in relationship to the COVID- 
19 pandemic.  
Specific Aim 2: To investigate whether there is a change in level of physical activity due to the 
COVID-19 pandemic. 
Hypothesis 2: There will be a decrease in level of physical activity due to the  
COVID-19 pandemic.  
Specific Aim 3: To investigate whether there is a relationship between a decrease in physical 
activity and the mental health of NCAA collegiate baseball players.  
Hypothesis 3: There will be a significant correlation between a decrease in  
physical activity and the mental health of collegiate baseball players.  
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1.5 Study Significance  
The outcome of this study will be important in expanding the research of mental health 
effects related to the COVID-19 pandemic. Due to the novelty of the virus, there is much that is 
unknown about the effects, and this study will incorporate available information to examine a 
population where COVID-19 research is lacking: the mental health of the collegiate baseball 
athlete. This study will be important to sports medicine clinicians, as it is the first of its kind to 
attempt to identify mental health effects of a novel virus in a previously un-investigated population. 
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2.0 Methodology   
2.1 Experimental Design  
This study utilized a survey-based cross sectional study design. To investigate the 
relationship between the COVID-19 pandemic, level of physical activity and the mental health of 
collegiate baseball players, an online survey was sent out to this specific population. The survey 
consisted of five sections: a demographics section, a section which includes general mental 
health status directly related to COVID-19, and three sections assessing level of physical activity 
during three different time periods. The survey took 5-10 minutes and could be completed on any 
computer or mobile device.  
2.2 Subjects  
To recruit subjects, an email was sent to the athletic trainers of all the colleges/universities, 
from Division I to Division III.  This email was sent through the NATA to 1,000 Sports Medicine 
programs to recruit subjects. The survey included an acknowledgement to participate in the study 
and an assurance granting complete anonymity to the participants. Subjects were given detailed 
instructions of how to fill out the survey prior to completion. However, to reduce bias, subjects did 
not have knowledge of what the study is attempting to evaluate.  
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2.2.1 Inclusion/Exclusion Criteria  
Subjects were included in this study if they were 18-23 years old and were an active 
member of an NCAA collegiate baseball team (Division I-III). Those who opted out of the 2021 
collegiate baseball season were included as well, as they could have provided valuable data on the 
relationship between COVID-19 and mental health. Subjects were excluded if they had an injury 
preventing them from current sport specific activity.  
 
2.2.2 Subject Recruitment  
To recruit subjects, an email was sent out to a distribution list obtained through the NATA. 
The email was sent to the baseball teams’ athletic trainers and instructed them to send the email to 
their team’s baseball players. If the email was sent to a college/university athletic trainer who was 
not the baseball athletic trainer, it instructed the recipient to forward the email to their school’s 
baseball athletic trainer. A follow up email was sent out after each week, as the data collection 
window was three weeks.  
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2.3 Instrumentation  
2.3.1 Qualtrics Survey Software 
The Qualtrics Survey Software, a software system utilized by the University of Pittsburgh, 
was utilized to create and administer this survey. The software has shown high security results, as 
it has numerous certifications to comply with regulations. Among these certifications is the 
FedRAMP, which is the gold standard of U.S. federal security compliance. In addition, the 
Qualtrics Survey Software is the only experience management software which is certified in Health 
Information Trust Alliance (HITRUST), a HIPAA security requirement.[77]  
2.3.2 Patient Health Questionnaire–9 (PHQ-9) 
The PHQ-9 incorporates questions to survey for conditions such as depression, anxiety, 
eating disorders, and sleeping disorders. As it shows a high sensitivity in identifying these 
conditions,[78] the PHQ-9 was a valuable tool to base the initial portion of the survey off of. Further, 
a study assessing the impact of COVID-19 on the mental health of health care workers utilized the 
PHQ-9 as well[79], showing a precedent in utilizing this specific questionnaire to evaluate mental 
health due to the disease. Questions from the PHQ-9 were included as well as modified questions 
about concerns related to the pandemic.  
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2.4 Procedures  
First, subjects received an email from their athletic trainer about the survey. Then, they 
read through the inclusion criteria and acknowledge their intent to participate in the study. After, 
the subjects filled out the first section assessing demographics: age, level of study (freshman 
through senior, graduate), division level (Division I-III), region in which they live in (Northeast, 
Midwest, Southeast, South Central, Southwest, West Coast), primary baseball position, and racial 
ethnicity. Next, subjects proceeded to the second section assessing current mental health. Mental 
health was assessed via a questionnaire derived from the PHQ-9. Subjects scored mental health 
conditions (anxiety, depression, sleep issues, energy level concerns) and topics (concerns related 
to travel and sharing a locker room/other spaces with teammates) on a symptom score sheet 
utilizing the values “Never, Some of the Days, >Half off the days, and Nearly Every day.”  
After completing the second section, subjects moved on to the third section, which assessed 
changes in their physical activity level. In this section, subjects’ level of physical activity at three 
separate time periods were compared to the period of September 2019 – December 2019. Due to 
the occurrence of the pandemic during March 2020, Sep. 2019 – Dec. 2019 was the most recent 
time that was unaffected by the pandemic. As a result, this time period was the most effective basis 
for level of physical activity prior to the pandemic. The first part of the physical activity section 
compared subjects’ current level of physical activity (March 2021 – April 2021) to their level of 
physical activity from Sep. 2019 – Dec. 2019. The second part of this section compared the 
subject’s level of physical activity from Sep. 2020 – Dec. 2020 to Sep. 2019 – Dec. 2019. The 
third and final section of the physical activity section compared the subjects’ level of physical 
activity from Apr. 2020 – Aug. 2020 to the period of Sep. 2019 – Dec. 2019.  
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 To assess the change in level of physical activity, the subjects were asked to report the 
change in their amount of time cardiovascular (CV) training (running, elliptical, etc.), 
weightlifting, batting, fielding, and throwing. The options provided for each activity were “less, 
somewhat less, same, somewhat more, more.” Instructions were clearly provided at the beginning 
of each part of the physical activity section to avoid any confusion.  
2.5 Data Reduction  
All responses were reviewed in the Qualtrics Survey Software. Any responses that 
contained identifiable subject factors such as subject name or name of school would have been 
excluded, as they would not grant complete anonymity. However, there were no cases of these 
responses being recorded. Incomplete response were included in order to collect as much data as 
possible. Responses of the three time periods for level of physical activity (current [March 2021 – 
April 2021], Sep. 2020 – Dec. 2020, Apr. 2020 – Aug. 2020) were compared to the time period of 
Sep. 2019 – Dec. 2019.  
2.6 Data Analysis  
Data was collected via Qualtrics Core XM Online Survey System (Qualtrics XM, Provo, 
UT, USA). Descriptive statistics were used to identify demographics. Reports of conditions/topics 
from the Mental Health Questionnaire were analyzed in a clustered bar chart. Changes in level of 
physical activity were also analyzed in clustered bar charts for each section. Fisher’s Exact Tests 
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were used to identify correlation between mental health conditions and the variables from the 
physical activity sections.  IBM SPSS Statistics Version 26 (IBM Corporation, Armonk, USA) 



















3.0 Results  
The data collection period for this study lasted three weeks, resulting in 61 survey 
responses. Of those 61 responses, only 20 were by NCAA collegiate baseball players. One 
participant exited the study after answering the first question, and another had incomplete 
responses after answering the demographics section. Of the remaining 18 responses, two submitted 
an incomplete survey after the second part of the Level of Physical Activity Section for a total of 














Figure 1: Subjects’ Age (in Years)  
                 
Figure 1 represents subjects’ age. Ages were reported from 18-23 years, with the highest 













18 19 20 21 22 23+
Age 
 25 
3.1.2 Subject’s Level of Study 
Figure 2: Level of Study 
 
Figure 2 represents subjects’ level of study. Subjects (n = 19) were asked to report their current 
level of study at their university, with options including Freshman, Sophomore, Junior, Senior, 
Senior/5th Year, and Graduate student. The majority of subjects were juniors (32%), followed by 
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3.1.3 Subjects’ NCAA Division of Participation 
Figure 3: NCAA Division 
 
Subjects were asked to identify what NCAA Division they participate in, with options including 
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3.1.4 Subjects’ Region of Univeristy Location 
Figure 4: Region of University Location 
 
Subjects were asked to identify where their universities were located based on state. The states 
were categorized into specific regions. Figure 4 shows the region of subjects’ universities. Based 
upon location of the subjects’ university, subjects chose the associated region. 68.4% of subjects 













0 2 4 6 8 10 12 14
NORTHEAST (ME, MA, RI, CT, NH, VT, NY, PA, 
NJ, DE, MD
MIDWEST (OH, IN, MI, IL, MO, WI, MN, IA, 
KS, NE, ND, SD
SOUTHEAST (WV, VA, KY, TN, NC, SC, GA, AL, 
MS, AR, LA, FL
SOUTHWEST (TX, OK, NM, AZ




3.1.5 Subjects’ Ethnicity 
Figure 5: Ethnicity 
              
Subjects were asked to report with which ethnicity they identify. Options provided were 
American Indian, Asian, Black/African American, Hispanic or Latino, Native Hawaiian/Other 
Pacific Islander, White, or Prefer not to Answer. Figure 5 represents subjects’ ethnicity, which 
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3.1.6 Subjects’ Primary Baseball Position  
Figure 6: Primary Baseball Position 
        
This study identified which position subjects primarily played. The respondents primarily were 
pitchers (42%). Other options were represented as well, with infielders (26.3%), outfielders (21%), 
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3.2 Mental Health Questionnaire  
In the Mental Health Questionnaire, subjects were asked questions of mental health 
conditions derived from the PHQ 9 and asked questions of other relevant mental health topics in 
relation to the COVID-19 pandemic. Subjects were asked to self-report frequency of symptoms 
for travel concerns, energy level concerns, sleep issues, locker room concerns, depression, and 
anxiety. Subjects were asked to report frequency of symptoms utilizing the following scale: Never, 
Some of the Days, More than Half of the Days, and Nearly Every day.  
Figure 7: Mental Health Questionnaire 
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Subjects (n = 18) reported the highest frequency of symptoms with sleeps issues (61%) and 
energy level concerns (61%). The next most frequently reported symptoms were of anxiety 
(50%) and depression (33%). Only one subject reported concerns of travel and of sharing a 
locker room.   
3.3 Level of Physical Activity  
Subjects were asked to compare their level of physical activity during three time periods 
(Current [March 2021 – April 2021], September 2020 – December 2020, and April 2020 – August 
2020) to the reference period of September 2019  – December 2019. The following options were 
provided to identify the any potential change in level of physical activity: “less, somewhat less, 
same, somewhat more, more.” The variables measured were cardiovascular (CV) training, weight 









3.3.1 Subjects’ Current (March 2021 – April 2021) Level of Physical Activity  
Figure 8: Current (March 2021 – April 2021) Level of Physical Activity 
 
Subjects’ (n = 18) level of physical activity during the survey period (March 2021 – April 2021) 
was compared to the reference period of September 2019 – December 2019. Amount of physical 
activity mostly remained the same for batting (55.5%), CV training (55.5%), fielding (50%), 
throwing (55.5%), and weight training (33%) in the current time period as compared to the 








3.3.2 Subjects Level of Physical Activity from September 2020 - December 2020  
Figure 9: Level of Physical Activity September 2020 - December 2020 
 
Subjects’ (n = 18) level of physical activity from September 2020 – December 2020 was compared 
to the reference period of September 2019 – December 2019. Subjects reported spending the same 
amount of time batting (50%), CV training (44.4%), fielding (38.9%), throwing (50%) and weight 






3.3.3 Subjects’ Level of Physical Activity from April 2020 – August 2020 
Figure 10: Level of Physical Activity April 2020 – August 2020 
 
Subjects’ (n = 16) level of physical activity from April 2020 – August 2020 was compared to the 
reference period of September 2019 – December 2019. Subjects reported level of physical 
remained the same for time batting (43.7%), CV training (56.3%), time fielding (50%), time 








3.4 Relationship Between Mental Health and Level of Physical Activity  
The following tables depict relationships of conditions/topics from the mental health 
questionnaire and variables of level of physical activity. The proportion of responses in each 
category of the mental health questionnaire were compared to the proportion of responses in each 
category of the physical activity sections via Fisher’s Exact Tests. Mental health conditions 
(anxiety, depression, sleep issues, energy level concerns) topics (concerns with travel, concerns 
with sharing a locker room/other spaces with teammates) were cross tabulated with variables of 
level of  physical activity (CV training, weight training, throwing, fielding, and batting). Tests that 
resulted in statistically significant p-values (p < .05) are represented below. Fisher’s Exact Tests 
were used to determine association. The vast majority of tests were not statistically significant, 











3.4.1 Relationship of Subjects’ Sleep and Amount of Time Throwing  
There was a significant association between sleep issues and throwing across all three time 
periods. The Fisher’s Exact Tests showed that those who spent more time throwing across all three 
time periods were less likely to experience issues with sleep (Table 1: Relationship of Sleep, 
Table 2: Relationship of  Sleep Issues and Throwing September 2020 – December 2020 , 
Table 3: Relationship of Sleep Issues and Throwing April 2020 - August 2020 .  
 





















5 (71.4%) 0 (0.0%) 1 (14.3%) 1 (14.3%) 











0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100%) 
Table 1: This table represents the relationship of current (March 2021 – April 2021) time spent 
throwing and self-reported sleep issues. There was a tendency towards association between lower 
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Table 2: This table represents the relationship of change in time spent throwing from September 
2020 – December 2020 and self-reported frequency of sleep issues. There was a tendency towards 
association between lower frequency of reported sleep issues and an increase in time throwing 


























Table 3: Relationship of Sleep Issues and Throwing April 2020 - August 2020  
 SLEEP 
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Table 3: This table represents the relationship of changes in time throwing from April 2020 – 
August 2020 and self-reported frequency of sleep issues. There was a tendency towards association 
between lower frequency of reported sleep issues and an increase in time throwing from April 
















3.4.2 Relationship of Subjects’ Sleep Issues and Amount of Time Fielding  
There was a significant association between fielding and sleep issues during the September 
2020 - December 2020 time period. Those who spent more time fielding reported less concerns 
with sleep from September 2020 – December 2020.  
 
Table 4: Relationship of Sleep Issues and Fielding September 2020 - December 2020  
 SLEEP 
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Table 4: This table represents the relationship of change in time spent fielding from September 
2020 – December 2020 and self-reported frequency of sleep issues. There was a tendency 
towards association between lower frequency of reported sleep issues and an increase in time 







3.4.3 Relationship of Subjects’ Sleep Issues and Amount of Time Batting  
There was a significant association between batting and sleep issues during the September 
2020 - December 2020 and April 2020 - August 2020 time periods. Those who spent more time 
batting reported a lesser frequency of issues with sleep from September 2020 – December 2020 
and April 2020 – August 2020 (Table 5: Relationship of Sleep Issues and Batting September 
2020 - December 2020, Table 6: Relationship of Sleep Issues and Batting April 2020 - August 
2020).  
 
Table 5: Relationship of Sleep Issues and Batting September 2020 - December 2020  
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Table 5: This table represents the relationship of change in time spent batting from September 
2020 – December 2020 and self-reported frequency of sleep issues. There was a tendency towards 
association between lower frequency of reported sleep issues and an increase in time batting from 







Table 6: Relationship of Sleep Issues and Batting April 2020 - August 2020  
 SLEEP 
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1 (25%) 1 
(25%) 
1 (25%) 
Table 6: This table displays the relationship of changes in time batting from April 2020 – August 
2020 and self-reported frequency of sleep issues. There was a tendency towards association 
between lower frequency of reported sleep issues and an increase in time batting from April 2020 













3.4.4 Relationship of Subjects’ Energy Level Concerns and Amount of Time Throwing  
Subjects also showed a significant association between energy level concerns and throwing 
during the September 2020 – December 2020 time period. Those who spent more time throwing 
from April 2020 – August 2020 reported less concerns with energy levels.  
 
Table 7: Relationship of Energy Level Concerns and Throwing April 2020 - August 2020  
 TIRED/LITTLE TO NO ENERGY 
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0 (0.0%) 1 
(100%) 
Table 7: This table displays the relationship of changes in time throwing from April 2020 – August 
2020 and self-reported frequency of energy level concerns. There was a tendency towards 
association between lower frequency of reported energy level concerns and an increase in time 
throwing from April 2020 – August 2020 (p = .041). 
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4.0 Discussion  
This study was the first of its kind to investigate the relationship between the COVID-19 
pandemic, level of physical activity, and the mental health of NCAA collegiate baseball players. 
When analyzing survey responses in the demographics section, subjects were mainly white 
Division 1 pitchers from the Midwest. Subjects were evenly distributed amongst both age and level 
of study, with the most frequent responses being 21 years of age and a junior in college. There 
were reports of mental health conditions/topics, showing an increase in frequency of symptoms of 
certain conditions compared to available research. Level of physical activity did not significantly 
change. Lastly, symptoms of most mental health conditions/topics did not show a statistical 
significance when correlated with variables of physical activity.   
4.1 Mental Health Assessment  
The first aim of this study was to assess the current mental health status of this population 
in relation to the pandemic, with the hypothesis that there would be reports of negative mental 
health conditions. The most frequent mental health conditions/topics reported were related to 
sleeping and energy issues. 61% of all subjects reported issues with falling/staying asleep and 
having little to no energy. Of the 11 subjects reporting issues with sleep and energy levels, seven 
reported experiencing these issues on some of the days, two reported experiencing symptoms on 
more than half the days, and two reported a frequency of nearly every day. The high number of 
subjects reporting these concerns is not uncommon, with a study by Ma et al. showing 42% of 
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college athletes experience poor sleep quality and 51% experience daytime tiredness.[80] Another 
study further supporting an increase in these conditions was conducted by Zhang et al., which 
reported that there was a direct negative impact of the pandemic on quality of sleep in college 
students.[81]   
Anxiety was the next most common condition reported, with 50% of subjects reporting at 
least some experience with it related to the pandemic. Of those nine subjects, seven reported 
experiencing anxiety on only some of the days, and two subjects reporting experiencing it more 
than half of the days.  Depression followed reports of anxiety, with 6/18 subjects reporting 
experiencing this condition related to the pandemic. Of those six subjects, four experienced it on 
some of the days and two reported experiencing it on >half of the days. The 50% anxiety rate and 
33% depression rate are similar to an NCAA COVID-19 Well-Being Survey conducted in the fall 
of 2020, which showed that 44% of male collegiate athletes experienced anxiety and 24% 
experienced depression.[8]  
Subjects reported very few issues related to team participation due to the pandemic, with 
18/19 subjects never experiencing concerns of traveling or sharing a dugout/locker room/field with 
teammates. The low level of concerns with traveling and sharing spaces with teammates are also 
unsurprising. A study by Graupensperger et al. evaluating the effects of teammate interactions on 
the mental health of collegiate student-athletes during the COVID-19 pandemic showed that those 
who receive more social support are less likely to experience mental health conditions. [10] Subjects 
having more teammate interactions in the dugout, locker room, and while traveling delivers a 
sound explanation for a low prevalence of mental health concerns, as there is more social 
interaction/support in these situations.  
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After reviewing the data, there were reports of mental health conditions/topics in relation 
to the COVID-19 pandemic. Further, there was an increase in reports of anxiety and depression as 
compared to the NCAA COVID-19 Well-Being Survey and study conducted by Ma et al. As a 
result, the hypothesis stating that there would be reports of mental health conditions should be 
accepted.  
4.2 Level of Physical Activity  
The second aim of this study was to determine whether there was a change in level of 
physical activity in relation to the pandemic, with the hypothesis that there would be a decrease in 
physical activity. Most subjects spent the same amount of time doing CV training across the three 
time periods compared to September 2019 – December 2019. 56% of the subjects reported 
currently spending the same amount of time CV training, 44% reported spending the same amount 
of time from September 2020 – December 2020 and over half reported spending the same amount 
of time from April 2020 – August 2020. Further, a greater number of subjects reported spending 
less time currently on CV training, with 5/18 subjects stating spending less or somewhat less time 
vs 3/18 subjects spending more time. This trend was the opposite during the time period of 
September 2020 – December 2020, with a third of subjects stating spending more/somewhat more 
time vs 22% of subjects spending less/somewhat less time CV training during this time period. 
The time period of April 2020 – August 2020 followed this trend, with 5/16 subjects spending 
more/somewhat more time on CV training vs only 2/16 subjects spending less time on this type of 
training during the time period.  
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One possible explanation for spending more time on CV training during the two time 
periods when compared to current levels is the time periods of September 2020 – December 2020 
and April 2020 – August 2020 are both out of season. Athletes focusing on CV training more in 
the offseason is normal, as this is the time where players typically focus on conditioning. 
Conditioning during the offseason is a part of the concept of periodization, defined as a 
programmed manipulation of several key training variables throughout a training cycle.[82] A 
training cycle consists of multiple smaller time-periods, including the offseason where most 
subjects work on conditioning.[82] Subject responses for weight training were similar across all 
time periods, though most reported spending the same amount of time compared to the reference 
period of September 2019 – December 2019.  
Currently, most subjects are spending the same amount of time on sport-specific activities 
(throwing, fielding, and batting) compared to the reference period. Over half of the subjects are 
spending the same amount of time throwing and batting, while half of the subjects are spending 
the same amount of time fielding. A much higher percentage of athletes are spending more time 
throwing, with 7/18 subjects reporting spending more time and just one subject spending 
somewhat less time. Subjects were very similar in terms of more vs less time on fielding and 
batting, with only 1 subject spending more time fielding and an identical amount of subjects 
spending somewhat less/less time and somewhat more/more time on batting.  
The most significant report of higher sport-specific activity came during September 2020 
– December 2020. In this time period, a significantly higher number of subjects spent more time 
on sport specific activities. Half of subjects spent somewhat more/more time throwing and fielding, 
while one-third of subjects spent somewhat more/more time batting. Interestingly, this was during 
the same time of year as the reference time period, September 2019 – December 2019. A possible 
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explanation could be local regulations at the universities. If the universities had strict rules 
enforcing their students to stay in their places of residencies except to practice, attend class, study, 
or to get a meal, it is possible the subjects had nothing else to do but practice on sport specific 
activities with teammates.  
Half of the subjects stated spending the same amount of time throwing and fielding from 
April 2020 – August 2020, and 7/16 reported spending the amount of time batting. However, a 
much higher number described throwing somewhat more/more (44%) than somewhat less/less 
(7.25%). Time fielding was identical, with four stating spending somewhat less/less time and four 
spending somewhat more/more time. Time batting was also very similar, with only one subject 
stating spending somewhat less time than more/somewhat more.  
After reviewing the data, NCAA collegiate baseball players’ level of physical activity 
throughout the various time periods appears to be about the same, with a slight favor of an increase. 
The results of this study contradict available research, which shows that level of physical activity 
declined in relation to the pandemic.[83-85] As a result, the hypothesis that there would be a decrease 
in level of physical activity should be rejected.  
4.3 Relationship Between Level of Physical Activity and Mental Health  
The third and final aim of this study was to investigate whether there was a relationship 
between a decrease in physical activity and the mental health of this population, with the 
hypothesis that there would be a significant correlation. However, most variables of level of 
physical activity did not show a decrease. Further, as Section 3.4 shows, there was not a significant 
association between most mental health conditions/topics and variables from the physical activity 
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section. The mental health condition/topic with the most significant results were sleep issues, 
which was significantly associated with sport specific activities across all three time periods. There  
was a significant association between sleep issues and throwing across all three time periods, a 
significant association with fielding and batting during the September 2020 - December 2020 time 
period, and with batting during the April 2020 - August 2020 time periods.  
Those who threw, batted, and fielded more often were less likely to experience issues with 
sleep. Though most subjects currently are spending the same amount of time performing sport 
specific activities, there was a significant report of an increase in time during the September 2020 
– December 2020 time periods. There were also many reports of an increase in time spent batting 
and fielding during the April 2020 – August 2020 time periods. These results are consistent with 
available research, which states that an increase in physical activity results in better quality of 
sleep.[86] These results were shown in a study of 41 adult subjects, where those who increased their 
exercise had a significant decrease in insomnia, depression, and anxiety as compared to those who 
did not increase their level of physical activity.[86]  
Further, a systematic review by Kredlow et al. showed that adults who exercise regularly 
reported significantly greater benefits in sleep time (duration of sleep), efficiency (ability to stay 
asleep), and latency (time taken to fall asleep) as compared to those who do not exercise regularly. 
Additionally, the study showed significantly greater effects of regular physical activity on sleep in 
men and in those who have a higher baseline of physical activity. The study identified athletes as 
having a “high baseline of physical activity” as compared to the rest of the population[87] Since 
they are NCAA collegiate baseball players, this population is male-dominated, participate in 
regular physical activity, and have a high baseline of physical activity at the collegiate level. The 
results of the study by Kredlow et al. further show a consistency with the results of this study, as 
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subjects in both studies were male, participate in regular physical activity, had a higher baseline 
physical activity, and showed a lesser frequency of sleep issues as sport-specific activity increased.  
A significant association was also shown between throwing during the April 2020 – August 
2020 time period and energy level concerns. Subjects who spent more time throwing reported 
lower frequencies of energy level concerns. As athletes exercise more, they build up more efficient 
energy systems.[88] As athletes build up their energy systems, the amount of energy that they need 
to expend on a task decreases, since the energy systems are more efficient.[89] For the subjects of 
this study, the more they throw, the more efficient they are at that task. As a result, they require 
less energy over time, which would lead to lesser energy level concerns as those who do not throw 
as much.    
An additional explanation for the significant association between throwing and energy 
level concerns is the energy cost of eccentric contractions. A study by LaStayo et al. reported that 
the energy cost to produce magnitude and duration of force is the lowest during an eccentric 
contraction.[90] When throwing a baseball, force production is at its highest during the cocking and 
deceleration phases. During the deceleration phase, the rotator cuff muscles at the shoulder are 
eccentrically contracting to help stabilize the joint.[91] As a result, the force production when 
throwing at its highest peak requires the lowest amount of energy to produce the magnitude and 
duration of force to help stabilize the shoulder. The results of this study, which shows that those 
who threw more often experienced symptoms of energy level concerns less frequently, are 
consistent with the available research discussed.  
There does not seem to be a correlation between level of physical activity and the mental 
health of NCAA collegiate baseball players for most variables. As a result, the hypothesis that 
there would be a correlation should be rejected.  
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4.4 Limitations  
This study had several limitations, with one being recall bias. As the survey asked for 
estimates of time during three time-periods ranging from current to 18 months prior, it may have 
been difficult for athletes to remember exact hourly estimates per week. A study by Kjellsson et 
al. stated recall periods range from 2 weeks to 14 months, with most surveys utilizing a time period 
between 1-12 months.[92] Further, the longer the recall period, the less accurate  that subject 
estimates are.[93],[94] A recall period ranging 18 months would not be ideal, but due to the length of 
the pandemic, 14-18 months in the past is the most recent time period unaffected by the COVID-
19 pandemic. A lack of motivation could be another possible explanation for the presence of recall 
bias, as those who have a lack of motivation have shown a higher frequency of recall bias.[95] As 
only 16 out of 20 subjects finished the survey, a lack of motivation could be a possible factor.  
Due to the low response rate, it is difficult to show that there has been an increase in 
symptoms of mental health conditions/topics related to the pandemic. Though the responses did 
show that there were reports of negative mental health conditions/topics (supporting the 
hypothesis), it is difficult to state that there is in fact an increase in conditions related to the 
pandemic as compared to the NCAA COVID-19 Well-Being Survey and study by Ma et al. Low 
response rates are not uncommon, as subjects are showing declining rates in completing surveys 
in research.[96] However, a study by Hendra et al. suggests that low response rates could be just as 
valid as those with a higher number of responses. The validity of lower response rates could depend 
on what the survey is trying to identify, displaying the need for further research on this topic.[97]  
Another limitation of this study contributing to the low number of subjects was a lack of 
direct access. There was no direct access due to the recruitment method of obtaining an email list 
through the NATA. Due to a lack of direct access, the two (and in some cases three) degrees of 
 51 
separation from the athletes could have led to some confusion about the survey. However, direct 
access was not feasible, as it would not have granted complete anonymity. In the case of athletic 
trainers who were not the baseball athletic trainer receiving the email, there is a chance that there 
was an oversight after the reading the instructions and the survey might have been forwarded to a 
team other than baseball. As a result, only 20 of the 61 survey responses were by NCAA collegiate 
baseball players.  
One final limitation of this study was the timeframe of the mental health questionnaire. In 
an effort to reduce recall bias, subjects were asked for their current mental health in regard to the 
COVID-19 pandemic. Having subjects trying to recall their mental health state from a year ago 
could have proven difficult, as discussed previously. Further, it is not possible to discuss any 
changes related to mental health throughout the pandemic as there were no baseline survey and 
statistics to compare. It is also possible that subjects’ mental health one year into the pandemic 
could be different from when it first began, as local and state regulations have since loosened, as 
well as the presence of the vaccine. As regulations have loosened and the vaccine has become 
more widespread, it is possible subjects may not have the same level of concern about the virus as 
they did previously.  
Another consideration of the mental health questionnaire is the stigma surrounding mental 
health. A study by Clement et al. described a third of 60,036 subjects with a mental health condition 
listed stigma as a barrier for them seeking help.[98] The stigma surrounding this topic could have 
led subjects to not want to report issues of mental health as they know they are being recorded. 
Though the survey granted the subjects complete anonymity, internalized stigma could be a key 
factor for subjects possibly not describing mental health conditions as well. Internalized stigma is 
described as the shame and embarrassment a person may have about a condition.[98] As a result, it 
 52 
is possible subjects did not honestly answer the mental health questionnaire even though they were 
granted complete anonymity.  
4.5 Future Research  
This study was the first of its kind to evaluate the possible effects of an unprecedented 
pandemic in a population that presently lacks research regarding mental health. Due to the low 
number of survey responses, this study can act as a pilot study in evaluating the relationship 
between the COVID-19 pandemic, level of physical activity, and the mental health of collegiate 
baseball players. Even more broadly, mental health can be investigated in the collegiate baseball 
population moving forward, as the prevalence of mental health conditions continue to rise.[39] 
Investigating possible reasons for the rise in prevalence of mental health conditions is very 
important for clinicians.  
The relationship between mental health and level of physical activity could be one possible 
explanation, especially in the presence of the COVID-19 pandemic. Though this study did not 
show conclusive results, further research could explore how a potential decrease in physical 
activity could have affected the mental health of this population. There is also a possibility that 
those who exercise more frequently could have had a greater impact on their mental health due to 
a decrease in activity related to the pandemic. A study by Vankim et al. showed that college 
students who exercised more vigorously were less likely to experience poorer mental health.[66] 
Collegiate baseball players are likely to meet the requirements of vigorous activity, as they are 
members of NCAA programs. As a result, a decrease in that vigorous activity could lead to poorer 
mental health, showing the need for further research.  
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  As discussed, there are no baseline mental health statistics for this population, 
demonstrating the need for more information. If clinicians have an established baseline for their 
athletes’ mental health, they can more easily show changes and whether there is an increase in 
symptoms or conditions. If mental health were to be evaluated every month, for example, clinicians 
would be able to see whether there was a significant change. If there was to be a significant change 
in mental health, clinicians would be able to review if there were any changes to the athletes’ 
schedules during that month and determine whether there were any possible factors that played a 
role. Specific to this study, if there were baseline mental health evaluations every month, clinicians 
would be able to determine whether mental health was affected at the beginning of the pandemic 
when local/state regulations became more severe and limited opportunities for physical activity.  
 
4.6 Conclusion  
The results of this study are an important first step in determining the relationship between 
the COVID-19 pandemic, level of physical activity, and the mental health of NCAA collegiate 
baseball players. The first hypothesis regarding reports of negative mental health conclusions was 
supported, though the other two hypotheses were rejected. The results of this study showed an 
increase in certain mental health conditions when compared to other data, specifically anxiety and 
depression. However, due to the low survey response rate, it is not feasible to definitively state 
that there is an increase, displaying the need for further research. The hypothesis stating a decrease 
in level of physical activity was rejected, as cardiovascular training, weight training, and sport 
specific activity levels were mostly the same throughout the three time periods. Lastly, the final 
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hypothesis stating that there would be a significant correlation between a decrease in physical 
activity and reported mental health conditions/concerns was rejected as well. The data did not 
show a decrease in physical activity, and there were not many statistically significant correlations 
between level of physical activity and mental health status. In conclusion, this study could provide 
a framework for future research examining the relationship of the COVID-19 pandemic, physical 
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NCAA Baseball Player  
 
NCAA Baseball Player: If subjects answered “No” to this question, the survey was  






























































































Appendix B : Relationship of Mental Health and Physical Activity   

















































Current Batting x Anxiety Crosstabulation  
                  
 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1. Vellas, C., et al., COVID-19, Virology and Geroscience: A Perspective. J Nutr Health 
Aging, 2020. 24(7): p. 685-691. 
 
2. Medicine, J.H.U.a., Coronavirus Resource Center 2020. 
 
3. Lau, H., et al., The positive impact of lockdown in Wuhan on containing the COVID-19 
outbreak in China. J Travel Med, 2020. 27(3). 
 
4. Kessler, R.C., et al., The epidemiology of major depressive disorder: results from the 
National Comorbidity Survey Replication (NCS-R). JAMA, 2003. 289(23): p. 3095-105. 
 
5. Bruffaerts, R., et al., Mental health problems in college freshmen: Prevalence and 
academic functioning. J Affect Disord, 2018. 225: p. 97-103. 
 
6. Sarac, N., et al., Epidemiology of mental health conditions in incoming division I collegiate 
athletes. Phys Sportsmed, 2018. 46(2): p. 242-248. 
 
7. Agel, J., T. Rockwood, and D. Klossner, Collegiate ACL Injury Rates Across 15 Sports: 
National Collegiate Athletic Association Injury Surveillance System Data Update (2004-
2005 Through 2012-2013). Clin J Sport Med, 2016. 26(6): p. 518-523. 
 




9. Guerrero, M. and J. Martin, Para Sport Athletic Identity from Competition to Retirement: 
A Brief Review and Future Research Directions. Phys Med Rehabil Clin N Am, 2018. 
29(2): p. 387-396. 
 
10. Graupensperger, S., et al., Social (Un)distancing: Teammate Interactions, Athletic Identity, 
and Mental Health of Student-Athletes During the COVID-19 Pandemic. J Adolesc Health, 
2020. 
 
11. Pascarella, G., et al., COVID-19 diagnosis and management: a comprehensive review. J 
Intern Med, 2020. 288(2): p. 192-206. 
 
12. Rothan, H.A. and S.N. Byrareddy, The epidemiology and pathogenesis of coronavirus 
disease (COVID-19) outbreak. J Autoimmun, 2020. 109: p. 102433. 
 
13. McFee, R.B., COVID-19 Testing. Dis Mon, 2020: p. 101059. 
 
 148 
14. Burki, T.K., Testing for COVID-19. Lancet Respir Med, 2020. 8(7): p. e63-e64. 
 
15. Jeong, T.H., et al., Real Asymptomatic SARS-CoV-2 Infection Might Be Rare: Importance 
of Careful Interviews and Follow-up. J Korean Med Sci, 2020. 35(37): p. e333. 
 
16. Kim, G.U., et al., Clinical characteristics of asymptomatic and symptomatic patients with 
mild COVID-19. Clin Microbiol Infect, 2020. 26(7): p. 948 e1-948 e3. 
 
17. Mathur, G. and S. Mathur, Antibody Testing for COVID-19. Am J Clin Pathol, 2020. 
154(1): p. 1-3. 
 
18. Hoang, V.T., T.L. Dao, and P. Gautret, Recurrence of positive SARS-CoV-2 in patients 
recovered from COVID-19. J Med Virol, 2020. 92(11): p. 2366-2367. 
 
19. Kang, H., et al., Retest positive for SARS-CoV-2 RNA of "recovered" patients with COVID-
19: Persistence, sampling issues, or re-infection? J Med Virol, 2020. 92(11): p. 2263-2265. 
 
20. Selvaraj, V., K. Herman, and K. Dapaah-Afriyie, Severe, Symptomatic Reinfection in a 
Patient with COVID-19. R I Med J (2013), 2020. 103(10): p. 24-26. 
 
21. Kopel J, G.H., Perisetti A. , Antibody Tests for COVID-19. Proc (Bayl Univ Med Cent), 
2020. 34(1): p. 63-72. 
 
22. Deeks, J.J., et al., Antibody tests for identification of current and past infection with SARS-
CoV-2. Cochrane Database Syst Rev, 2020. 6: p. CD013652. 
 
23. Wang, J., et al., Mask use during COVID-19: A risk adjusted strategy. Environ Pollut, 
2020. 266(Pt 1): p. 115099. 
 
24. Desai, A.N. and P. Patel, Stopping the Spread of COVID-19. JAMA, 2020. 323(15): p. 
1516. 
 
25. Prevention, C.f.D.C.a. Quarantine and Isolation [cited 2020 Nov 13]; Available from: 
https://www.cdc.gov/quarantine/index.html. 
 
26. S, F., Worst-case estimates for US coronavirus deaths, in New York Times. 2020. 
 
27. Pfefferbaum, B. and C.S. North, Mental Health and the Covid-19 Pandemic. N Engl J Med, 
2020. 383(6): p. 510-512. 
 
28. Lei, L., et al., Comparison of Prevalence and Associated Factors of Anxiety and 
Depression Among People Affected by versus People Unaffected by Quarantine During the 
COVID-19 Epidemic in Southwestern China. Med Sci Monit, 2020. 26: p. e924609. 
 
29. Leigh-Hunt, N., et al., An overview of systematic reviews on the public health consequences 
of social isolation and loneliness. Public Health, 2017. 152: p. 157-171. 
 149 
30. Tao, Y., J. Yang, and Y. Chai, The Anatomy of Health-Supportive Neighborhoods: A 
Multilevel Analysis of Built Environment, Perceived Disorder, Social Interaction and 
Mental Health in Beijing. Int J Environ Res Public Health, 2019. 17(1). 
 
31. Vindegaard, N. and M.E. Benros, COVID-19 pandemic and mental health consequences: 
Systematic review of the current evidence. Brain Behav Immun, 2020. 89: p. 531-542. 
 
32. Bo, H.X., et al., Posttraumatic stress symptoms and attitude toward crisis mental health 
services among clinically stable patients with COVID-19 in China. Psychol Med, 2020: p. 
1-2. 
 
33. Zhang, J., et al., The differential psychological distress of populations affected by the 
COVID-19 pandemic. Brain Behav Immun, 2020. 87: p. 49-50. 
 
34. Sonderskov, K.M., et al., The depressive state of Denmark during the COVID-19 
pandemic. Acta Neuropsychiatr, 2020. 32(4): p. 226-228. 
 
35. Du, J., et al., Psychological symptoms among frontline healthcare workers during COVID-
19 outbreak in Wuhan. Gen Hosp Psychiatry, 2020. 67: p. 144-145. 
 
36. Martineau, M., G. Beauchamp, and D. Marcotte, [Efficacy of mental health prevention and 
promotion strategies in higher education]. Sante Ment Que. 42(1): p. 165-182. 
 
37. Zhai, Y. and X. Du, Addressing collegiate mental health amid COVID-19 pandemic. 
Psychiatry Res, 2020. 288: p. 113003. 
 
38. Center, N.M., NCAA cancels remaining winter and spring championships 2020. 
 
39. Lipson, S.K., E.G. Lattie, and D. Eisenberg, Increased Rates of Mental Health Service 
Utilization by U.S. College Students: 10-Year Population-Level Trends (2007-2017). 
Psychiatr Serv, 2019. 70(1): p. 60-63. 
 
40. Lattie, E.G., et al., Digital Mental Health Interventions for Depression, Anxiety, and 
Enhancement of Psychological Well-Being Among College Students: Systematic Review. J 
Med Internet Res, 2019. 21(7): p. e12869. 
 
41. Liu, C.H., et al., The prevalence and predictors of mental health diagnoses and suicide 
among U.S. college students: Implications for addressing disparities in service use. 
Depress Anxiety, 2019. 36(1): p. 8-17. 
 
42. Gilat, R. and B.J. Cole, COVID-19, Medicine, and Sports. Arthrosc Sports Med Rehabil, 
2020. 
 
43. Mujika, I. and S. Padilla, Muscular characteristics of detraining in humans. Med Sci Sports 
Exerc, 2001. 33(8): p. 1297-303. 
 150 
44. Hortobagyi, T., et al., The effects of detraining on power athletes. Med Sci Sports Exerc, 
1993. 25(8): p. 929-35. 
 
45. Fleisig, G.S., et al., Biomechanics of overhand throwing with implications for injuries. 
Sports Med, 1996. 21(6): p. 421-37. 
 
46. Linssen, W.H., et al., Fatigue in type I fiber predominance: a muscle force and surface 
EMG study on the relative role of type I and type II muscle fibers. Muscle Nerve, 1991. 
14(9): p. 829-37. 
 
47. Shaw, K., et al., Wearing of Cloth or Disposable Surgical Face Masks has no Effect on 
Vigorous Exercise Performance in Healthy Individuals. Int J Environ Res Public Health, 
2020. 17(21). 
 
48. Epstein, D., et al., Return to training in the COVID-19 era: The physiological effects of 
face masks during exercise. Scand J Med Sci Sports, 2021. 31(1): p. 70-75. 
 
49. Siripanthong, B., et al., Recognizing COVID-19-related myocarditis: The possible 
pathophysiology and proposed guideline for diagnosis and management. Heart Rhythm, 
2020. 17(9): p. 1463-1471. 
 
50. Schellhorn, P., K. Klingel, and C. Burgstahler, Return to sports after COVID-19 infection. 
Eur Heart J, 2020. 
 
51. Emery, M.S. and R.J. Kovacs, Sudden Cardiac Death in Athletes. JACC Heart Fail, 2018. 
6(1): p. 30-40. 
 
52. Rajpal, S., et al., Cardiovascular Magnetic Resonance Findings in Competitive Athletes 
Recovering From COVID-19 Infection. JAMA Cardiol, 2021. 6(1): p. 116-118. 
 
53. Toresdahl, B.G. and I.M. Asif, Coronavirus Disease 2019 (COVID-19): Considerations 
for the Competitive Athlete. Sports Health, 2020. 12(3): p. 221-224. 
 
54. Campbell, J.P. and J.E. Turner, Debunking the Myth of Exercise-Induced Immune 
Suppression: Redefining the Impact of Exercise on Immunological Health Across the 
Lifespan. Front Immunol, 2018. 9: p. 648. 
 
55. Mahaffey, B.L., COVID-19 Guidelines for Sports and Physical Activity. Mo Med, 2020. 
117(3): p. 205-206. 
 
56. Huckins, J.F., et al., Mental Health and Behavior of College Students During the Early 
Phases of the COVID-19 Pandemic: Longitudinal Smartphone and Ecological Momentary 
Assessment Study. J Med Internet Res, 2020. 22(6): p. e20185. 
 
57. Son, C., et al., Effects of COVID-19 on College Students' Mental Health in the United 
States: Interview Survey Study. J Med Internet Res, 2020. 22(9): p. e21279. 
 151 
58. Wang, X., et al., Investigating Mental Health of US College Students During the COVID-
19 Pandemic: Cross-Sectional Survey Study. J Med Internet Res, 2020. 22(9): p. e22817. 
 
59. Reardon, C.L., et al., Mental health in elite athletes: International Olympic Committee 
consensus statement (2019). Br J Sports Med, 2019. 53(11): p. 667-699. 
 
60. Reardon, C.L., et al., Mental health management of elite athletes during COVID-19: a 
narrative review and recommendations. Br J Sports Med, 2020. 
 
61. Senisik, S., et al., The effect of isolation on athletes' mental health during the COVID-19 
pandemic. Phys Sportsmed, 2020: p. 1-7. 
 
62. Mehrsafar, A.H., et al., Addressing potential impact of COVID-19 pandemic on physical 
and mental health of elite athletes. Brain Behav Immun, 2020. 
 
63. Denay, K.L., et al., ACSM Call to Action Statement: COVID-19 Considerations for Sports 
and Physical Activity. Curr Sports Med Rep, 2020. 19(8): p. 326-328. 
 
64. Zheng, R., et al., Spatial transmission of COVID-19 via public and private transportation 
in China. Travel Med Infect Dis, 2020. 34: p. 101626. 
 
65. Jukic, I., et al., Strategies and Solutions for Team Sports Athletes in Isolation due to 
COVID-19. Sports (Basel), 2020. 8(4). 
 
66. Vankim, N.A. and T.F. Nelson, Vigorous physical activity, mental health, perceived stress, 
and socializing among college students. Am J Health Promot, 2013. 28(1): p. 7-15. 
 
67. NCAA, Coach and Student-Athlete Demographics by Sport. 2020. 
 
68. Garcia, G.M., et al., The Relationship Between Mixed Race/Ethnicity, Developmental 
Assets, and Mental Health Among Youth. J Racial Ethn Health Disparities, 2019. 6(1): p. 
77-85. 
 
69. Zheng, Z., et al., Risk factors of critical & mortal COVID-19 cases: A systematic literature 
review and meta-analysis. J Infect, 2020. 81(2): p. e16-e25. 
 
70. Webb Hooper, M., A.M. Napoles, and E.J. Perez-Stable, COVID-19 and Racial/Ethnic 
Disparities. JAMA, 2020. 323(24): p. 2466-2467. 
 
71. Turner-Musa, J., O. Ajayi, and L. Kemp, Examining Social Determinants of Health, 
Stigma, and COVID-19 Disparities. Healthcare (Basel), 2020. 8(2). 
 
72. Giannone, Z.A., et al., Athletic identity and psychiatric symptoms following retirement 
from varsity sports. Int J Soc Psychiatry, 2017. 63(7): p. 598-601. 
 
 152 
73. Esopenko, C., et al., The Psychological Burden of Retirement from Sport. Curr Sports Med 
Rep, 2020. 19(10): p. 430-437. 
 
74. Gouttebarge, V., et al., Occurrence of mental health symptoms and disorders in current 
and former elite athletes: a systematic review and meta-analysis. Br J Sports Med, 2019. 
53(11): p. 700-706. 
 
75. NCSA. NCAA Extra Year of Eligibility 2020; Available from: 
https://www.ncsasports.org/coronavirus-sports/ncaa-eligibility-coronavirus. 
 
76. NCAA, Estimated probability of competing in professional athletics. 2020. 
 
77. XM, Q. Qualtrics Security and Compliance 2021  [cited 2021 Jan 19]; Available from: 
https://www.qualtrics.com/platform/security/. 
 
78. Levis, B., et al., Accuracy of Patient Health Questionnaire-9 (PHQ-9) for screening to 
detect major depression: individual participant data meta-analysis. BMJ, 2019. 365: p. 
l1476. 
 
79. Kang, L., et al., Impact on mental health and perceptions of psychological care among 
medical and nursing staff in Wuhan during the 2019 novel coronavirus disease outbreak: 
A cross-sectional study. Brain Behav Immun, 2020. 87: p. 11-17. 
 
80. Mah, C.D., et al., Poor sleep quality and insufficient sleep of a collegiate student-athlete 
population. Sleep Health, 2018. 4(3): p. 251-257. 
 
81. Zhang, Y., et al., Mental Health Problems during the COVID-19 Pandemics and the 
Mitigation Effects of Exercise: A Longitudinal Study of College Students in China. Int J 
Environ Res Public Health, 2020. 17(10). 
 
82. Mann, J.B., et al., The effect of autoregulatory progressive resistance exercise vs. linear 
periodization on strength improvement in college athletes. J Strength Cond Res, 2010. 
24(7): p. 1718-23. 
 
83. Ammar, A., et al., Effects of COVID-19 Home Confinement on Eating Behaviour and 
Physical Activity: Results of the ECLB-COVID19 International Online Survey. Nutrients, 
2020. 12(6). 
 
84. Dunton, G.F., B. Do, and S.D. Wang, Early effects of the COVID-19 pandemic on physical 
activity and sedentary behavior in children living in the U.S. BMC Public Health, 2020. 
20(1): p. 1351. 
 
85. Lesser, I.A. and C.P. Nienhuis, The Impact of COVID-19 on Physical Activity Behavior 
and Well-Being of Canadians. Int J Environ Res Public Health, 2020. 17(11). 
 153 
86. Hartescu, I., K. Morgan, and C.D. Stevinson, Increased physical activity improves sleep 
and mood outcomes in inactive people with insomnia: a randomized controlled trial. J 
Sleep Res, 2015. 24(5): p. 526-34. 
 
87. Kredlow, M.A., et al., The effects of physical activity on sleep: a meta-analytic review. J 
Behav Med, 2015. 38(3): p. 427-49. 
 
88. Melin, A.K., et al., Energy Availability in Athletics: Health, Performance, and Physique. 
Int J Sport Nutr Exerc Metab, 2019. 29(2): p. 152-164. 
 
89. Garber, C.E., et al., American College of Sports Medicine position stand. Quantity and 
quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and 
neuromotor fitness in apparently healthy adults: guidance for prescribing exercise. Med 
Sci Sports Exerc, 2011. 43(7): p. 1334-59. 
 
90. LaStayo, P., et al., Eccentric exercise in rehabilitation: safety, feasibility, and application. 
J Appl Physiol (1985), 2014. 116(11): p. 1426-34. 
 
91. Escamilla, R.F. and J.R. Andrews, Shoulder muscle recruitment patterns and related 
biomechanics during upper extremity sports. Sports Med, 2009. 39(7): p. 569-90. 
 
92. Kjellsson, G., P. Clarke, and U.G. Gerdtham, Forgetting to remember or remembering to 
forget: a study of the recall period length in health care survey questions. J Health Econ, 
2014. 35: p. 34-46. 
 
93. Bhandari, A. and T. Wagner, Self-reported utilization of health care services: improving 
measurement and accuracy. Med Care Res Rev, 2006. 63(2): p. 217-35. 
 
94. Stull, D.E., et al., Optimal recall periods for patient-reported outcomes: challenges and 
potential solutions. Curr Med Res Opin, 2009. 25(4): p. 929-42. 
 
95. Vetter, T.R. and E.J. Mascha, Bias, Confounding, and Interaction: Lions and Tigers, and 
Bears, Oh My! Anesth Analg, 2017. 125(3): p. 1042-1048. 
 
96. Kohut, A., Keeter, S., Doherty, C., Dimock, M., Christain, L., Assessing the 
representativeness of public opinion surveys 2012. 
 
97. Hendra, R. and A. Hill, Rethinking Response Rates: New Evidence of Little Relationship 
Between Survey Response Rates and Nonresponse Bias. Eval Rev, 2019. 43(5): p. 307-330. 
 
98. Clement, S., et al., What is the impact of mental health-related stigma on help-seeking? A 
systematic review of quantitative and qualitative studies. Psychol Med, 2015. 45(1): p. 11-
27. 
 
